MicroRNAs are plentiful in plants, as in animals. The effects of mutations which disrupt their processing imply that miRNAs have important roles in plant development. Although the targets of these miRNAs are still not known, excellent candidates have been identified based on sequence similarity to the miRNAs.
In addition to various well known non-coding RNAs which are required for mRNA processing and translation -the rRNAs, tRNAs, snRNAs, snoRNAs and so on -several animal species have been found to make tiny RNAs of about 22 nucleotides, termed microRNAs (miRNAs) [1] . In contrast to most other non-coding RNAs, these miRNAs are not ubiquitously expressed, but are abundant only in specific tissues or at specific times. The first of these were discovered through genetic analysis of the nematode Caenorhabditis elegans and help repress the translation of mRNAs encoding developmental regulatory proteins. To date, nearly 200 miRNAs have been identified from animals, raising seemingly as many questions about how they work and the extent of their involvement in animal development. Now, three groups [2-4] working with Arabidopsis thaliana have found similar small RNAs in plants. Some of these plant miRNAs display temporal or spatial regulation, suggesting that they may have regulatory functions. Mutations in genes implicated in small RNA processing, including the ribonuclease needed to cleave them from precursors, have significant effects on Arabidopsis morphology and physiology, providing some clues about the function of these small RNAs in plant development.
So What is a miRNA, Anyway? Detailed molecular and functional studies showed that lin-4 of C. elegans, the prototypic miRNA, represents a novel class of gene regulator [5] . In the absence of functional data, several criteria have been used to define the members of this class. Minimally, a small RNA is considered to be an miRNA if it is around 19-24 nucleotides in length, is explicitly encoded in the genome, and is not a spurious fragment of a mRNA, rRNA, tRNA or other class of non-coding RNA. Additional criteria are that RNA should be abundant, and derived from a region of the genome that can potentially encode a precursor RNA that forms an imperfectly basepaired hairpin -features of the lin-4 and let-7 miRNAs of C. elegans. Top: some Arabidopsis microRNAs and their predicted precursors. Two predictions for the precursor to miR167 from the same chromosomal locus. In general, the partially duplexed precursors for plant miRNA precursors are longer and more complex than those of animals, as seen for miR171. Bottom: miR171 has perfect complementarity to three members of the SCARECROW gene family in the coding region of the mRNA, suggesting that they may be its regulatory targets. 
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Current Biology conserved between Arabidopsis and rice, tobacco or maize, further supporting their functional significance. Remarkably, none of the plant miRNAs is conserved in animals. This is surprising because many miRNAs are highly conserved among animal species and such highly conserved genes frequently have orthologues in plants [6] . Still, the catalogue of miRNAs is far from complete and the possibility exists that at least a few are shared across kingdoms.
Animal miRNAs often exhibit temporal or spatial variation in expression, and the same is true for plant miRNAs. In no case, however, has the expected longer precursor form been detected. This is in contrast to the situation in animals, where precursor forms of miRNAs are often apparent on northern blots. In fact, predicting the putative precursor of plant miRNAs from genomic sequence is not straightforward because many plant miRNAs appear to be derived from longer and more complex precursors than animal miRNAs (Figure 1 ). Like mutations in the C. elegans dicer gene, sin1/caf mutations in Arabidopsis cause a range of developmental phenotypes which suggest a broad role in development [4] . These phenotypes include defects in both the developing embryo and the adult plant. Both the Chen [4] and Bartel [3] groups found that miRNAs are substantially less abundant in caf mutant plants, suggesting that CAF acts like Dicer. Therefore, an important possibility is that the developmental phenotypes associated with sin1/caf mutants are due solely to a failure of miRNA biogenesis.
SIN1/CAF -a Dicer of Plants
Plants also contain members of the PPD family of proteins -also known as ARGONAUTE-like proteins -which have been implicated in the generation of miRNAs in C. elegans and humans. Indeed the founding member of this family, ARGONAUTE, was identified in Arabidopsis as being essential for many aspects of plant development [7] . The PPD proteins ALG1 and ALG2 are important for miRNA generation in C. elegans, and the human PPD protein eIF2C2 has been found in association with miRNAs [8, 9] . PPD proteins share the PAZ domain with Dicer and SIN1/CAF, which may allow them to interact physically; however, the biochemical function of these proteins is still not known.
New Protein Partners of miRNAs
In addition to Dicer/SIN1/CAF and the PPD proteins, a few other proteins have been linked to miRNA processing and/or function. Working with human cells, Dreyfuss and colleagues [9] discovered that miRNAprotein complexes (miRNPs) contain Gemins, proteins thought to help remodel other RNA-protein complexes. Xuemei Chen's group [4] has added a new Arabidopsis protein to a list of factors essential for miRNA production. They found that hen1 mutants display a phenotype remarkably similar to that of sin1/caf mutants, which includes effects on leaves, flowers, plant size and fertility ( Figure 2 ). As observed with the sin1/caf mutants, miRNA accumulation is decreased in hen1 plants, suggesting a role for the HEN1 protein in miRNA processing from their putative precursors. HEN1 has identifiable sequence motifs and homologues in animals, suggesting that it might be yet another component of the miRNA-associated proteins conserved across the kingdoms.
Complementarity in a Haystack
In the absence of mutant alleles with obvious phenotypes, one way to determine the function of an miRNA is to seek the genes it regulates. Although this seems like a straightforward task in bioinformatics, our limited understanding of how miRNAs basepair with their targets makes it extremely complicated to identify these targets. Remarkably, none of the many animal miRNAs is perfectly complementary to any known mRNA. This is not so in plants: all three groups [ report finding extensive complementarity between plant miRNAs and the mRNAs of known genes.
Both the Carrington and Bartel groups [2, 3] , for example, report that miR171 is perfectly complementary to the coding region of the mRNAs for three SCARE-CROW family members (Figure 1) . Indeed, the Bartel group [10] has now reported finding putative targets for 14 of the 16 Arabidopsis miRNAs they discovered, based on the sequence similarity between these miRNAs and the known or the predicted transcribed sequences of various Arabidopsis genes. This complementarity occurred with far greater frequency with the miRNAs than with randomly generated sequences, strongly suggesting its functional significance. Furthermore, in those cases where a particular miRNA is complementary to more than one mRNA, the predicted targets are members of the same gene family.
Nearly 70% of the targets predicted by Rhoades et al. [10] are transcription factors, some of which are known to be involved in key aspects of plant development, including meristem initiation and leaf and flower development. In one case, prior genetic evidence supports the connection between an miRNA and its target: gain-of-function mutations in the PHABULOSA and PHAVOLUTA genes -both of which regulate leaf polarity -occur within the miR165 complementary site [11] , possibly explaining why the mRNA of these genes is ectopically expressed in mutant plants. The striking similarity between plant miRNAs and their putative targets suggests there may be a significant difference between the mechanism by which plant and animal miRNA regulate the activity of these targets.
Small RNAs on the Move?
In both plants and animals, double-stranded RNAinduced gene silencing has the interesting property of commuting from one tissue to another. Plants, however, have evolved a system that keeps gene silencing, as well as viruses, out of the shoot apical meristem -which gives rise to leaves and flowersbut allows other RNAs to flow in. The developmental significance of this phenomenon has recently become apparent from the work of Foster et al. [12] , who found that plants that constitutively express a viral protein that overcomes the block to viruses and gene silencing have radialized 'spiky' leaves, reflecting defects in the establishment of dorsoventral polarity. If this defect is a consequence of unregulated movement of miRNAs to the shoot apical meristem, then it not only reveals a role for miRNAs in the regulation of leaf polarity, but also the importance of restricting the expression of these miRNAs.
Multicellularity arose after plant and animal lineages diverged, so developmental regulatory mechanisms evolved independently in these two kingdoms [13] . The existence of miRNAs in both plants and animals, and the evidence that they serve as developmental regulators in both groups of organisms, suggests that miRNAs had an early important role in the evolution of multicellular life. Defining the commonalities and the differences in the ways in which miRNAs function in these organisms is an exciting challenge for future research.
